Introduction: Endoscopic tools have provided versatile examination and treatment for kidney stone procedures. Despite endourologists researching urinary stone disease using endoscopes to collect tissue, this tissue collection method is limited. Endoscopically removed tissues are small in size, restricting the types of genomebased examination possible. We investigated a new method of renal papilla biopsy and RNA extraction to establish a genomic research methodology for kidney stone disease. Patients and Methods: We conducted a prospective multi-institutional study and collected renal papilla specimens from consecutive percutaneous nephrolithotomy and ureteroscopy (URS) cases performed for removal of upper urinary tract stones. Renal papilla tissue was extracted using ureteroscopic biopsy forceps after stone removal. RNA was extracted using two different extraction kits, and their quantity and quality were examined. Additionally, the impact of biopsy on surgical complications was compared between cases performed with and without biopsy by matched case-control analysis adjusted for age, gender, body mass index, bilaterality, and stone burden. Results: A total of 90 biopsies from 49 patients were performed, and the median duration between specimen collection and RNA extraction was 61 days. Both univariate and multivariate analyses showed BIGopsy Ò forceps usage significantly increased the total yield ( p = 0.004) and quality ( p = 0.001 for A260/280, p = 0.004 for A260/ A230) of extracted RNA. Extraction using the RNeasy Micro Kit Ò also improved A260/A230, whereas reduced RNA integrity number of extracted RNA by univariate and multivariate analyses ( p = 0.002 and p < 0.001, respectively). Moreover, matched case-control study demonstrated that endoscopic renal papilla biopsy caused no significant surgical complications, including bleeding, decreased stone clearance and hematocrit, and renal dysfunction. Biopsies during URS imparted an average of 20 minutes of procedure time over nonbiopsy cases. Conclusions: We demonstrate a safe methodology for optimal RNA extraction of renal papilla tissue. This technique will accelerate advanced genomic studies for kidney stone formers by facilitating larger tissue yields.
Introduction
W hile the prevalence of kidney stones is rapidly increasing, 1 the pathogenesis of stone formation is still poorly understood. Previous publications have implicated some genetic triggers related to stone formation, including single nucleotide polymorphisms. 2, 3 In most instances for genetic studies, samples are limited to urine, blood, and stone fragments for investigation of lithogenesis. The absence of live renal tissue makes it difficult to directly investigate pathophysiological features of stone-forming cells.
Advancement in flexible ureteroscopy (URS) and percutaneous nephrolithotomy (PCNL) instrumentation utilized in these procedures have provided a better visualization of the upper urinary tract and lead to a high stone-free rate. [4] [5] [6] In addition to clinical care improvement, the improved endoscopic view has also advanced basic translational and clinical research. 7, 8 Nevertheless, one remaining challenge is the limited amount of papillary tissue that can be collected endoscopically. Both the quality and quantity of tissue specimens are crucial to perform genomic experiments.
We previously reported on gene expression of renal papilla tissue around Randall's Plaques (RP), 9 which were consistently seen both in vitro 10, 11 and in vivo. 12 While conducting this previous research, we faced the challenge of poor tissue quality and small sample yield. To overcome this obstacle, we investigated a new method of renal papilla biopsy and RNA extraction for kidney stone research.
Patients and Methods

Prospective cohort study design
This was a prospective multicenter study conducted at four institutions located in Japan and the United States, Nagoya City University (NCU), and University of California, San Francisco (UCSF). Institutional Review Board approvals were obtained from the two coordinating sites: NCU (No. 929) and UCSF (CHR . During the study period between September 2014 and August 2016, we included patients between 18 and 80 years of age with upper urinary tract stones requiring URS or PCNL procedures, all of whom provided written consent to participate. We excluded patients who were pregnant, previously diagnosed with cancer, had active urinary tract infection, complex anatomy of the upper urinary tract, complete staghorn stone, systemic disease, or severe comorbidity (greater than ASA III).
Four endourologists performed the endoscopic procedures in this study. For URS, K.T. and S.H. utilized reusable flexible ureteroscopes (Flex-X 2 Ô, Karl Storz, Tuttlingen, Germany, or URF-VÔ, Olympus, Tokyo, Japan), and M.S. and T.C. utilized either reusable (URF-P6Ô, Olympus) or disposable flexible ureteroscopes (LithoVueÔ, Boston Scientific, Marlborough, MA). For PCNL, all procedures were performed in the prone position with either a 19.5F percutaneous nephroscope (Karl Storz) or 24F rigid offset nephroscope (Richard Wolf Medical, Knittlingen, Germany) and lithotripsy was performed with Swiss LithoClast Ò (Boston Scientific) or UreTron Ò (Med-Sonics, Erie, PA) devices.
After complete stone removal was achieved, we obtained renal papillary tissue from upper and/or middle calyces using either 3F biopsy forceps (PiranhaÔ, Boston Scientific; Cup Biopsy Forceps, COOK MEDICAL INC) or BIGopsy Ò Backloading Biopsy Forceps (COOK MEDICAL INC). Both RP and normal-appearing papilla tissues were biopsied to compare their RNA profiles.
RNA extraction and analysis
Intraoperatively, all biopsied samples were immediately preserved in RNAlater Ò solution (QIAGEN, Hilden, Germany) to stabilize the RNA integrity. Tissue RNA was extracted using either RNA STAT-60Ô (Tel-Test, Inc., Friendswood, TX) with purification by the RNeasy Mini Kit columns (QIAGEN), or the RNeasy Ò Micro Kit (QIAGEN) with DNase treatment as per the manufacturer's protocol. To examine the RNA quality and quantity, the extracted genetic specimens were analyzed by NanoDropÔ (Thermo Fisher Scientific, Waltham, MA) 13 and Bioanalyzer (Agilent, Santa Clara, CA). The amount of RNA was described as total yield, and the purity of RNA was assessed by the ratios of absorbance at 260 and 280 nm (A260/A280) as well as 260 and 230 nm (A260/A230). The degradation of RNA was identified with RNA integrity number (RIN) using Bioanalyzer.
Matched case-control study design
To examine the clinical impact of tissue biopsy on perioperative outcomes, we conducted a matched case-control study. All URS and PCNL procedures performed during November 2015 through October 2016 were retrospectively reviewed and included in the analysis if postoperative records were available. We utilized the clinical data already captured in ReSKUÔ, 14 automated stone registry tied to electronic medical records and REDCap 15 primarily based at UCSF. Study cases were then matched with control-cases of the same procedure performed without tissue biopsy (case:control = 1:2). Matched-pair comparison was for perioperative outcomes including procedure time, blood loss, and postoperative complications.
Statistical analyses
For the cohort study, two-sample t tests and Mann-Whitney U test were used to identify differences between groups. Categorical variables were compared using Fisher's exact test and Chi-squared test. Correlation between two variables was 16 For the matched case-control study, paired t tests and Wilcoxon signed-rank test were used to identify differences between groups. Categorical variables were compared using Mantel-Haenszel test. Differences were considered statistically significant at a < 0.05. All statistical analyses were performed with EZR for R (R project). 17 
Results
A total of 90 renal papilla tissue specimens from 49 patients were collected during the 2-year study period. Patient case and biopsy details are listed in Table 1 . The median total yield, A260/A280 and A260/A230 ratio, and mean RIN of extracted RNAs were 675 ng, 1.98 and 0.75, and 6.39, respectively ( Table 1) .
The results of univariate analysis are presented as Boxand-Whisker plots in Figure 1 . The BIGopsy group demonstrated a significantly higher total RNA yield than the Piranha biopsy forceps group (1320 ng vs 248 ng, p < 0.001). The median A260/A280 and A260/A230 ratios were also higher in BIGopsy group (1.99 vs 1.83, p = 0.015 and 0.99 vs 0.36, p = 0.047, respectively). Regarding extraction kits, the RNeasy Micro Kit showed a significantly higher median A260/A230 ratio than RNA STAT-60 group (1.25 vs 0.34, p < 0.001). In contrast, the usage of the RNeasy Micro Kit demonstrated a lower mean RIN compared with RNA STAT-60 (5.27 vs 8.01, p < 0.001). Specimens collected during PCNL had larger total RNA yield compared with those obtained during URS (1393 ng vs 424 ng, p = 0.013). While the duration of sample storage was not significantly correlated to total RNA yield and A260/A280 ratio, it showed a significant correlation to A260/A230 ratio ( p < 0.001) ( Fig. 2) . Table 2 demonstrates multivariate analysis of factors associated with total yield, A260/A280, and A260/A230 ratios of extracted RNA samples. Adjusted for age, gender, body mass index, sample store duration, surgery type, and tissue type, BIGopsy usage produced significantly better total RNA yield, A260/A280, and A260/A230 ratios ( p = 0.004, p = 0.001, and p = 0.004, respectively). Extraction with the RNeasy Micro Kit usage also showed a positive association with A260/A230 ratio ( p = 0.002) compared with a negative association with RIN ( p < 0.001). Case differences between URS and PCNL were associated with neither total yield nor quality of extracted RNA samples.
Hematoxylin-Eosin staining showed that specimens derived from BIGopsy were markedly larger than those derived from Piranha. Microscopically, tissue biopsied by 3F biopsy forceps diffusely lacked urothelial cell layer as well as tubular structures, such as blood vessels and collecting ducts. Moreover, tissue containing RP demonstrated artifactual deterioration of urothelial cells, interstitial cells, and renal tubular cells surrounding the plaque lesion. These findings are contrary to tissue obtained by BIGopsy, in which all vital structures were relatively well preserved ( Fig. 3 ).
In addition to genomic and microscopic structural analysis, we compared clinical outcomes between patients who underwent biopsy and nonbiopsy using a matched case-control study. Table 3 summarizes patient demographics and perioperative characteristics of URS cases comparing between nonbiopsy and biopsy groups. A total of 19 URS and 16 PCNL cases, all of whom had the papilla biopsy performed during the procedures. Total procedure time in the biopsy group was significantly longer than that in the nonbiopsy group (76.6 -21.5 minutes vs 54.8 -22.5 minutes, p = 0.004). There were no significant differences in other perioperative parameters. Table 4 shows patient demographics and perioperative characteristics of PCNL cases in the matched-pair analysis. The total procedure time in the biopsied group was 156.4 -35.1 minutes, whereas that in the nonbiopsy group was 127.4 -67.4 minutes ( p = 0.114). Other parameters were comparable between the two groups.
Discussion
Since RP was described in 1937, 18 several studies have investigated the importance of this structure but have been limited due to a difficulty in accessing the renal papilla. With advancement in endoscopic instrument design, Low and Stoller reported an endoscopic mapping of RP in kidney stone patients. 19 Subsequently, Evan and colleagues collected tissue specimens during PCNL and discovered the histopathology of renal tissues surrounding the RP with microstructural analysis. 20 While several studies have demonstrated safety and feasibility of endoscopic biopsy for histopathological analysis, 21 The 2:1 matched pair was selected for nonbiopsy (control) and biopsied (intervention) groups, respectively. Both groups were matched by age, gender, BMI, case laterality, and stone burden. Bold values show there is significant difference in the comparison. N.S. means there is no significant differences because of matched-pair analysis. a Surgical complications are graded based on the Clavien-Dindo classification. CaOx = calcium oxalate; CaP = calcium phosphate; POD = postoperative day; UA = uric acid. few studies have confirmed them for genomic study. Nextgeneration gene sequencing technology holds the potential of unlocking the genetic triggers for stone formation, but fundamental to initiating these studies is establishing effective tissue collection protocols. Compared with prior studies, our work focused on not only tissue quality obtained by endoscopic biopsy, but also the clinical safety of biopsies.
Obtaining high-quality RNA from a tiny biopsied specimen was challenging and needed to be standardized. Typical RNA sequencing needs at least 200 ng of RNA, sufficiently 1 lg of total RNA for purification, quality check, and libraries. 22 RNA absorbance spectrum is also important as a marker of quality. In general, an A260/A280 ratio of 1.8 to 2.0 and A260/A230 ratio of 1.8 to 2.2 are considered as pure, high-quality RNA. 23 These quantity and quality of extracted RNA products are essential to gain solid results from gene expression analyses with RNA sequencing.
From 90 renal papilla tissues analyzed in this study, quantitative analysis resulted in a median total RNA yield of 675 ng, which is usually reasonable, but still not sufficient for both RNA sequence and microarray. The median A260/A280 ratio was 1.98, whereas the median A260/A230 ratio and mean RIN were 0.75 and 6.39, respectively. The low ratio of A260/A230 suggested a high absorbance at 230 nm, possibly from contamination of carbohydrate, phenol, or guanidine as per the manufacturer's guideline. 13 While some samples demonstrated degradation and low RNA quality, subsequent preliminary examination of 24 samples from this study showed that only one sample failed to complete RNA library preparation. These findings emphasize the importance of RNA extraction protocol improvement to obtain larger amount and higher quality of RNA derived from biopsied tissue specimens.
We used RNAlater to store all samples until extracting RNA for gene expression profiling study. Prior studies 24, 25 have shown the efficacy of RNAlater for tissue preservation, especially to maintain RNA integrity over a long storage duration. Enough RNA yield was obtained from these tissue specimens; however, their microstructures for routine histological examination were not adequate. 25 In this study, we stored tissue specimens immediately after biopsy at room temperature, then moved them to 4°C overnight, and finally kept them at -80°C. The median duration of sample storage before RNA extraction was 61 days. Given that we stored the The 2:1 matched pair was selected for nonbiopsy (control) and biopsied (intervention) groups, respectively. Both groups were matched by age, gender, BMI, case laterality, and stone burden. N.S. means there is no significant differences because of matched-pair analysis. a Surgical complications are graded based on the Clavien-Dindo classification. specimens in a better condition but in a similar duration compared with the prior study, our specimen handling protocol could be more appropriate for gene expression profiling study. Moreover, there were no significant correlations between sample storage duration and total RNA yield or even A260/A280 ratio. In contrast, a significant correlation between sample storage duration and A260/A230 ratio has been demonstrated. Since this finding suggested that even longer duration of sample storage could result in high RNA quality, the sample preservation with RNAlater mitigated the degradation of RNA during the storage. BIGopsy forceps are designed for obtaining bigger specimen compared with traditional biopsy forceps by using a 2.4F cup. Since the tip size is larger than the working channel of a ureteroscope, it has to be backloaded into the scope before its usage, and usually requires usage of ureteral access sheath for most cases to mitigate interference with scope view. This backloading process may influence ureteroscope durability, but this factor was neither assessed in the current study nor has it been the subject of previous publications. 26 Prior studies described that tissues derived from BIGopsy forceps had threefold longer diameter and showed more accurate histopathological features than those from 3F biopsy forceps. 26, 27 In this study, using a BIGopsy forceps significantly increased total RNA yield, A260/A280 and A260/A230 ratios, and these findings still held true from further univariate and multivariate analyses. Comparing tissue specimens taken from the two different forceps, Hematoxylin-Eosin stain indicated that BIGopsy forceps preserved a structure of RPs as well as urothelial cell layers, collecting ducts, and blood vessels. These larger RNA yields and preservation of cell structure by BIGopsy forceps may have provided the better quality of extracted RNA. Utilizing BI-Gopsy forceps could facilitate a successful RNA extraction by providing larger, deeper, and well-preserved specimens.
The multivariate analysis revealed the usage of the RNeasy Micro Kit improved 0.76 of A260/A230 of RNA. As per the manufacturer's guideline, the RNeasy Micro Kit is appropriate for extracting a small amount of RNA up to 45 lg. Previous study in laser-capture microdissected prostate tissue has demonstrated that the RNeasy Micro Kit generated the highest RNA quality compared with other extraction kits. 28 However, the RNeasy Micro Kit also showed degradation of RNA as indicated by relatively low RIN. One possible explanation for this result might be that our RNA extraction protocol with the RNeasy Micro Kit did not utilize a purification step. We elected to use this protocol given that purification using extra sets of column extraction could reduce the amount of extracted RNA resulting in a low A260/A230 ratio, despite decreased RNA degradation. The usage of an appropriate extraction kit with thorough protocol is extremely important to conduct a genomic study. For procedural type, our univariate analysis showed that tissue obtained during PCNL cases had greater total RNA yield than those obtained during URS cases. One might think that a rigid nephroscope would provide better instrument accessibility for renal papillary tissue biopsy and a higher chance to obtain a larger tissue piece compared with a flexible ureteroscope given its larger working channel. However, multivariate analysis failed to demonstrate statistical differences between sample quality and quantity from PCNL and URS cases. To address this hypothesis, further study comparing tissue size derived from different endoscopic surgeries is needed.
From a clinical standpoint, we confirmed the safety of renal papilla biopsy during endoscopic stone treatments through a matched case-control analysis comparing nonbiopsy to biopsy patients. Earlier study reported that tissue biopsy during URS and PCNL was safe and provided specimens sufficient for histological examination. 21 Likewise, our study has shown comparable clinical outcomes, including blood loss, complication rate, stone-free status, and hospital stay. However, one downside of performing intraoperative biopsy was a longer procedure time, which appeared exclusively in URS cases. Several reasons may explain this finding. BIGopsy requires a backload assembly from the tip to the working channel of the ureteroscope for each device passage. Since this device was used in most cases of our study, it may contribute to the longer procedure time found in URS cases. Another study has demonstrated that BIGopsy reduces irrigation flow rate, scope deflection, and collecting system visualization. 29 Given that multivariate analysis showed no differences of RNA yield and quality between URS and PCNL, biopsy during URS remains a useful approach to collect tissue samples. URS is less invasive than PCNL and a procedure used with higher prevalence. It is also used for smaller stone burdens and tissue removed during these cases may reflect different severity of disease states compared with PCNL. As such, tissue obtained during URS remains complementary compared with that obtained during PCNL.
Some limitations in this study need to be addressed. Regarding the multi-institutional nature, differences within each institution's environment were unavoidable. They included different surgeons, equipment, and even distance between the operative room and the research laboratory, and could affect the result of RNA extraction. In addition, this study enrolled a relatively small number of biopsy cases, which might not be meaningful enough to compare with nonbiopsy cases if larger studies are performed. Furthermore, our methodology has yet to be validated in an actual genomic study. Genomic analyses using RNA extracted with the technique outlined in this current study are necessary to validate the protocol. If proven valid, however, our study would open the door to nextgeneration genomic study of the renal papilla.
Conclusions
Utilizing BIGopsy forceps significantly improved both RNA yield and quality of renal papillary tissues obtained from endoscopic biopsy. While tissue biopsy during URS significantly prolonged the procedure time, it was minimally invasive and clinically safe. These findings will facilitate future genomic studies and lead to a better understanding of kidney stone formation.
